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(54) SURFACE EMISSION SEMICONDUCTOR LASER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a surface 
emission semiconductor laser which is easily fabricated 
and has a basic transverse mode optical output with high 
brightness. 

SOLUTION: This surface emission semiconductor laser 
is provided with a semiconductor substrate 51, a lower 
multilayer film reflecting mirror 53. an active layer region 
54 and an upper multilayer film reflecting mirror 55 
successively laminated on the semiconductor substrate 
51, an upper electrode 60 which is a layer on the upper 
multilayer film reflecting mirror 55 and composed of a 
metal material provided in the periphery of the laser 
beam emission center so as to surround an aperture 61, 
and a current narrowing section formed as a non- 
oxidation region 58. In this case, the reflectance of the 
multilayer film reflecting mirror 55 in the periphery of the 
emission center provided with the upper electrode 60 is 
made lower than the reflectance of the multilayer film 
reflecting mirror 55 in the emission center. Depending on 
the degree of reduction of the reflectance, the diameter of 
the diameter of the non-oxidation region 58. 





the aperture 61 is made larger than 



LEGAL STATUS 

[Date of request for examination] 24.09.2003 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision 



http://www19.ipdl.ncipi\go.jp/PA1/result/cletail/main/wAAAY.aGAxDA4... 2005-06-20 



1 



Searching PAJ 



2II0IXI 2 / 2 



of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 
[Date of extinction of right] 

Copyright (C); 1 998,2003 Japan Patent Office 



http://www19jpdl.ncipi.goJp/PA1/result/cletail/main/wAAAY.aGAxDA4... 2005-06-20 



mB^mmfff OF) 02) ^ ^ *|5f 1^ # (a) (iD^i^aiB^w*^ 

#^2000 -332355 
(P2000 -332355A) 

(43)i:^iBB ¥^12^11H3O0 (2000. 11.30) 



(5i)int.ci.' mimn fi f-va-rc^) 

HOIS 5/183 HOIS 3/18 652 5F073 



tmm^ w«3S®a7 OL 10 H) 





1-142370 


(71)tHISA 


000005496 










(2S)imB 


¥^£1 1^5 ^21 B (1999. 5.21) 




3tOS«KiK*«=Ta 17«22^ 






(72)58M# 
























(72)«M# 










»j^;rimjsffi±a54'#Br«43o 














(74) A 


100079049 



















(54) mmoy^m w^m^^m^v-'^ 



(57) [Hiiitll 

[MSi^fS] 5 1 t . 5 1 ± 



,^1 




1 



[|»*JS2] fItBiSPmSS. Au, Pt. Ti. G 
^ 2 SJil±a)l ffgfiE L^t c i: ^ i^ai: -r 1 

«fll$ff^fi6Lfc^. 2 5 0~ 5 O 0°CroS^S5fflT?T- 

-r <b $ii^T * 1+ i) C i: icj: y J^jS L fc ;i i: ^ i: -r * 

[ii*S4] flfrffiiSSmS^, Au. Pt, Ti. G 
e, Zn, N i. In, StXWANe)a«?$tti>'>^i: < i: 
t 1 ffl(D^S«i|i4^^SLrll«lg^ff$)SLfcS, 2 5 
0-5 0 o°c(Djg)S®HT-r— — ;^$■^Ttv iS^^Mi: 
c ;h.l-BS Jt-r SB i: (O we T a <b ^ ittr * 1i- S c <t 
J:y}K^Lfc;ii:*i^ai:-ri.Sf*«1 l=iH«6(Di5«3t 

[i*^«5] HiiaET--;u^, 3 O 0-4 0 0°C(D;a 
SffiH rfr ^ C i: ^ i: -r -5 3 * fc I* 4 l^ffiK 



[O O O 1 ] 



[0 0 0 2] 

[i*3S(/)ftt&] SiS*ffilSSSSI3t U— +f (Vertical C 
avity Surface Emitting Laser, \>XT TvcSELj t 
tC^o ) I*, SSSfgJfeML'— 9'l=tt-<T, Kjt3:^h 
A<^gl^Ct, Siit(Di^®SyA^;SL^Zi:, Z:i!L5tT 

[0 0 0 3] ffijxif, Kenichi Iga, Fumio Koyama and 
Susumu Kinoshita, " Surface Emitting Semiconductor 
Lasers" , IEEE Journal of Quantum Elecronics. 19 
88. 24, pp. 1845-1855l::(*, VCSEL05:git, U— tf** 

[0 0 0 4] L^L, ^j£SE(DVCS E Lli, S*1S^— 
Kjttll*Aa^*y■£/^$ < , ■ti■^,^■tfL^2~3mWSJS•efc 
y, ■€-a)fc«)ffli^*<ISS$*trt'»-5o VCSELCDS:*: 

aEa7=^'x^7giasfic4,, vcsEL$ffifflr«)-i:A< 

Rigl <b: „ 

[OOO 5] 0-5 6 2 3 3#li;^ffilCl±, ^fj!^ 

ISS*«^- K3ttiJ*$^&-r'5 V C S e L7!i<S3S3f*i.-C 

S*1t^- Ktil^l-iip*WI-ll±-r-5il5Jfe^t- K 
ro U— »f IBSglfel'^^ a«?6<llr«l*ij-r S c i: 1= J: y Sl^ L 

Tt>-5o ■T'^ft)^, VCS E LlcJjItSS^Ii^- 

^- KfisiijfeiSA^ ^.gtra LfcjlliScD^4SlcteL^r± i: 

[O O O 6] mftMI-lttBJ-r-St, CroVCSELIi, 
El8l::5^rj:^l-, aiSS#«<*S« 1 7 1 <!:, TSPD 
BRRSl 7 2i:, TSPDBRBI 7 2 i: (*3£<DiE3l^ — 

K^*^-g)±a5DB RB 1 7 4i:, TfflSDBRBl 7 2 
t±mDBRm^ 7 4<DKl::fl5*+ifcSttS^JIEi 7 3 
t, 'r:t->fr-^>i^«¥l=J:y}KfiKLt=<S5*t^'/->1 
7 5i:, 7 Si, 1 7 7&0:i 7 8 

tlz^i-jmf&tSti. 3t$Sl 7 9l=;ttoTU-1f3tA<a3lt 

[O O O 7] 7 61*, 7 9 tW.^ 

■r•i>:^|aJ(zfcL^T3tlA1 7 9A^C,roSggt?!)<li:*:-r -5(7)13 

7 6(4, U—tfat^HSr-rSf^fflt. 



2 



m:KL. ^t«Sa>3t^^^A<:*:^< 'S-So crov 
CSE LlcfcMtSS:*:^^— KflMl±3t$6l 7 9lCjfi^ 
LX^C. Si;j<J«*- KfiaiiJtSdl 1 7 9A^&S{|HLfc 

[0 0 0 8] ^OlKS, KlCllLT^tlilia) 
[0 0 0 9] 

1 0-5 6 2 3 3#^«lCgg^$*tfcfiia5(Cj:ttlS. IS 

zttmL<mmx$>^:it. m<r>mm^mLxi^^o 

[0 0 10] ■T'ECt)*), **BBSF1 0-5 6233^i^« 
LT) ii!;*«l^-K*«li3t«lA^t.8t(yiLfcS 

m(r>itmiztsi^x±cizt^mmLx. ^mm<D&m 
m^'t<j>'pM-^ii,mmiztsii3^oiz'iit^xmmmz'^'P$ 

[0 0 1 1 ] -y,. wnm-. 'i^\ii-^^m sm^i^ 

—*f" d— Aa, 1 9 90) lctlft?fl*^^rL^•i)a:3 
(z, vcsELli, -mz^ jStt«ltt*<'h$t^fctf), * 
iil§l3liffi^,^J5lt2S*<'i:'^t $+i,-5o ll^iz, m^m-^ 

$tirL^-5VCSEL(0ftJiS(*, 9 9 %Jil±a)Slt^ 
[0 0 12] i:C?>A<, !^M¥1 0-5 6 2 3 3-^-i;^^ 

icB8s$*tfcl$ffir-i±. jttti 7 9A^^'>L•et«^raL 

[0 0 13] *f=, lB5fe*«m^1 7 61*. EISIC^^L 

Lf=3f)<-pr. «^;*^^^^i 7 ea^j^^^^f^SSf^ 

:55t(±SST-fer3-C, i^BB^FI 0-5 6 2 3 3-§-(Cl*» 
$ffll-I^^BJ^^^■CL^■5>o 

[0 0 14] ^(D-«^fa^l-iftB^-rSi:, 09 (a) 
lC3i^-rj:-5l:;. ,^fla®^}^figL<i:3 t-T-SS 1 8 1 <0 
^m\Z-Pit h 1 8 2*^*ti-r'S. 1219 



ffl^,^TRja[fl5:7^ hUvX httl 8 3i&JKjK-r-So C(D 

hUe?X htti 8 3$. iKl5~2 0^>ICt5fcor, 
|i?J2 5 0~ 3 O 0°C(7)SST'ADl^-r-5i:. 0 9 (o) 
^■rj:5l-. dbt^rojtttffiS-^-r-SJ^ttCDg 1 8 41-^ 

mnamoif^^^^'^iz^^i^xi^ho 

[0 0 15] ?3?l-, ±:^A^bSC£:1±-1':f >x<>^>-!?' 

(R I E) ^fflt^r, K^-rx-v^^y^jE-rts si 

tt-r-SJgm, El 9 (d) (z:^-r<fe-5l=, C]«<0,1Sffl®$ 
*-r^fl|jg1 8 5A<fl^fig$;h.^„ 

[oo 1 6] ci<jt<D,isfla**-r-5«jt^}^)«-r 

•5:^;^lz-^L^Tl^^B^LfcA<. lgl 8 1 ±(0*;*g|5T-l*^f 

< -ecDSiagpic^:!- h uv;^ i-tt i s 3 ^isit** 

[00 17] LA-'L, x-v^>'y^X^ t Lrftffl-r-S. 

®i 8 4a)fl^<*(*, msfl)^4Sl3fcL^■CRl^^cD,1|flB^ 

J5e-r*c:i:(*. ?gtt«)x-v5^>'?"«ffilcj:-3rt,^iSlc 
BitT-fcSo VCSELift^^tJSfeiSltr-SfeTC 

[0 0 18] $f>(c. Rfr^OT/isfflM^w-r'Sj^tt.tm^ 
fl)ffiii5i&«-r«a**3£3fe^i 7 6*}KfiE-r-sfc«)i-. 

R I EXSlC*;l^Tx<v^>•y7;^^ L-Cf^ffl-r-SS 

1 a Aa>'M9kmf^'^fz\t'A^mzin.\x. jS^JSiaar- 
[0019] vcs E L^^^^^^iSltr-;j?7c 

-5S«JllCfct^T. 7:1- hUi?:^ htti 8 3 ta^;*^ 
ig^l 7 6*«fiRL-Ct^.5«*4ia-ex.v^>^«RJt* 
i^iKJtlc$i|ep-r S C i:l*|^ffi|zBJiT-fe y , ^(Dtztb. 
^VCSEL^^ra-Cti5fe3i^^^1 7 6(DSW^*#tt 

[0 0 2 0] Jil±a)ckaiC. a^3i^*^1 7 6(Dm^ 

-V>^J1^> Pi-S«-ha)#vcs E L^^ft^r-. 

X(7)P-y hA<m'tf-5>^VCSEL^-?-raT?, 
[002 1] ti3^34S^^ 1 7 6 (DGfl!bt<D;taa 

rojK^^^fiifflur, itffti 7 9AMbiira-r-5>iciito-c* 

l.roT% a5fe*^m^=-1 7 6 (DMt^cCDJtffiacOJ^ttA^^ 
)Ef4x«, B5J?«i^-Kfl)U— 9'SS«'^iKfT-ri)VCSE 



3 



tfb1t% csELm^<D^:^m=^—^<r>m:Kt^thtt 

^^tl'Sffli^lC^TLTli. it*BB¥l 0-5 6 2 3 3-^1^ 

[0 0 2 2] ^^or. :*:sg0^(Dgfi<]i*, mm.t)^mmx'. 

[0023] 

[0 0 2 4] -rtC*^*,. *fgB^(0®fS3tM¥3J(*U-+F 

friej5tt)i^jiKr'*± l tc i^—^fiftmthkt'pibomms^ 

It ^) tifc tb It 4> '0<7)ra fflSPro # ^MJSttacD J5lt 
itl§5S3iEJR^gi5(Otlcfey*:#<-r4JS^l,^$^#< Lfc 

[0 0 2 5] ±si5mai*istt-s=:i:i=j:y. aistttxixo 
it^cDJSlt^j: y t <6 < * * J: 3 (z-r * t L r li, 

( 1 ) atrfe±S|5«frI^ , Au. Pt. Ti. Ge. Z 
n, N i , In. &a:WANt.SS?*+t'5>*S«i|4$^2« 

(2) fifIffi±8PSfli*, *S*t*4^IS©L-C^^K^m 
fiKLfcit, 2 5 0~5 O 0°C<DSgffiHt?r— — -lU^tT 

(3) StrfS±a5mfiS^s Au. Pt. Ti, Go. Z 

<r>^m*iH^mmi,xmmfS:iMfS.Ltzm. 250-5 

o o°cosg®fflT?r-— ;u$fftv KlsaM<!: ctiiz 
(Stgf *® i: COra-C-r P -r <b5 iift ^-fr-S C I- J: y 

[0 0 2 6] TO-f^bOfctoOT-— ;H*. 3 0 0~4 



0 0°C(Z)Sg®ffl-C?fT3Ci:A<J:y»*L<. T-— ;u 
J:yfT-5^i:A<»SL-t^o 

[CO 2 7] ^HBBcos^its^aiftu— y=lc^3^^r 

I*. -hlHa)±SP®ffi*l8l+'5C<!:(cJ: y. fIIBmit*'C,'' 
ai::-r-5Ci:A<»$ L<, 6 0%JUT<!:f ^ctA^J: y 

[0 0 2 8] :^mBMit, ±g|5m«il3ffll^i>#S*^*4(D^t 
JiE-\?>r--;u^#^^^^-SCi:lc.i:y. SfilA^iSI+t. 

Lfc«^ici*. amom (bit. r±a5m«ir/^-^v 
gj ttfu-r-s) «rEm3!E»^ss©g (KIT, 

[O O 2 9] Ell l*> mSS305S?T/'?-^vS^ 3. 5// 
mi:— Sl-LfcVCS E Ll-fcU^r, aitt^'OOTiSiagB 

m^Hxi^^o 

[0 0 3 0] la 1 J: St 0)^)21 SB 

<DimmSltil<DStt^A<9 9%.i:iSl^ii^lCl*. ±35 

^A<9 5%. 9 0%. . . . 7 5%tiS.T-t^\~^l^> 
[003 1] «£oT. ai^*'i>CDraj22aP(cfe(t*^BIS 

sit^cDsit^ffiTCDSigicjsi:, m^^^Ty^-^--^ 

[0 0 3 2] ajltt"OI-fclt-Si^S^J5WMOS^^I± 
ifi«9 9%Jil±-C*fc-5). C+L|C*tL. »*1t*-K<Dta 



4 



[0 0 3 3] GaAsSffi±lC. Au$^»Lf=^s T 
3 7 0°C<t LTTP^^fc^frLV Sfe^t^ 
G a A s^IlJ7^)^^ A uZ-Q a A s #®^AIt ^ #r JSlt^ 

;U^a^^T5 CitlZcfcoT. A u/G a A s^lSCDG a 

[0 0 3 4] seoT. stii5=i>^^ hiif3±a5mfii^jf^ 

fiE-r^KllC. ^S«*^^^3g^Lfc^. 2 5 0'-5 0 0''C 

J:oT. VCS E L(7)S:*:tll^- K<7)tti:tl^:^^<-r* 

[0 0 3 5] :XIZ^ G a A sSffi±lZA u ^^^Lfc-tl- 
>3^';U<t. G a A sSffi±[CAu/T I ^^^Lfc-9-> 
:^;Ui:^f^S3tL. afeat^G a A sffl!JA^t)A u/G a A 
s^®. Au/T i/GaA s ^S-^^^tl^4^AI^ $1^: 

^iS^fco *gS*ll3|C:^-ro 113*^^>«^;!^^5^•5^C. 
A u/G a A s^®(CT i CD® ^ tf ^ C <i: IZct o 
Au/T i/GaA s^®(DG a A s ffiiJ^N bCDJSSt 

m^-^\>ji±<o^mt^^mmr^zt{z^'DX. 

G a A s^MCDG a A s t>(DJ5tt*^:^^ < ^^b$ 
[0 0 3 6] t*oT. MIB=i>^<7 hei3±SBmffi*}^ 

/s-r^^ic. -'0]>jL±(D^m^n^^mLx^mmm^ 
mf&t^ztiz^i)^ th^a(D^^mmiz^-<'t<omy2i 

zoRmmi^TCDf^^i^izjz^cx . ±ummT/^ 

:^#<'r^ci:fzj:or. VCS E L<D»*1i^- K<D 

t±i :ti ^ :^ ^ < -r -i) :i <t ?b< # ^ o 

[0 0 3 7] G a A s&^±\Z^ A u/T I 

^L/c^. r--;i.;MJt^ 3 7 0°C<i: Lrra^^b^fr 

IV efe3t$-G a A s(BlJ)!)^t)A u/G a A s^ffi'^ASt 
*1±T. RlT^<D;«:lfI«T*(DSit?Sg^^bSP-<fco ^ 

5C<tlCcfcoT. A u/T i /G a A s*®<DJSSt** 
4iij(5<hMgT^F1±^Z<t;!)<T'^'?>o CCDJ:5IC. 
±CD^||A^b4Sidc$tL'§>*S/G a A s^SfC. MIC. 
T— -;ufliS$fT5Ci:l::J:y. *K/G a A sS!L®<D 
G a A sffli]A^f>CDJ5St^*:fc*< 3E<b*-a:4CiA<-e^ 



[0 0 3 8] fieoT, friB3>5'^ hei=±spmfii^jK 

fl>*)S*t*4-^ll«Lfc^, 2 5 0~5 O 0°C(DjgSKH 

i-iccT, jifiismffiT/^— ^■vg^assj^i^T/^-^A' 

s E L0)S*«i^-K0)a3***:#<-rsci:*<-e# 
[0 0 3 9] &i±mMLXttz^olz. :*:f6IB(D®fg3fe 

[004 1] 

±apDBR5^— -hirra-i''fbirj:yKl52 o 

0 nmOTA u A" t. -S^JiafiiA^ P ffli)«fii<l: LTft^fiJcS 

[0 0 4 2] BIS (a) I=^f<fc5(=> 

atiJSS (MOCVD) ;£|Cj;y. n^GaAsStSS 

1 JlIC, ^^tA-UTSSI X 1 o" cm'^MJlO. 2//m 
SeOnSG a A s/<«y7TB5 2$^«gL, *(D± 

IC, A I 0.9 G ao., A s <!: A I 0.3 G ao., A s t 

^ti<nmm*mmp^m^(D i / 4 i 4 j: 3 i-ssic 4 

O. 5S«S«)lLfc1 X 1 o" cm'' -ef8Bil5A<*«J4/i 
^^VUTigJt 1 X 1 o" cm"' t 'tf •5 TgP n M D B 
Rg5 3. K— :^Tai5A I 0.5 Gao.5 As;?.'<— 9" 

-ISi:T>K-::^fi^#FjSt±g (MiigonmAi 

o.,i Gao.89 A sg^#pJi3®i:Mff5 O n m A I 

0.3 Gao.7 A sm^m4mtX'mi$:^Hxi^i>) tT> 
K-:^isi5A I0.S Gao.5 As:^-<-v—mtx'mm.ts 

<D^ y^tU^pMA I AsS55. -troilCA I 0.9 
G 30., A s i: A I 0.3 G ao.7 A s t^Hl^tKDmH^ 
A<Jggf^jKfi<7)l/4i:!fe^J:3l-SHlC2 9. 5 mm 

«iiLfc+^uTjgisi X 1 o" om'^ xummt><m2 

[0 0 4 3] CZV. E^L'JCt^A^ =^^>)7MS.^ X 



5 



1 0^^ c m"^ tU^flMB 1 O n mfI(D p^G a A s n > 

0.9 Gao. , As<hAlo.3 Gao.iAs (D^SICA I fflfifc 
flSCDMil^ ^ IS It ^ C <t 4, Rltlr* fe ^ o 

[0 0 4 4] cc:T*jS*4**;?.<b:Lrf*. h'J^T;u*'u 

[004 5] Scl^T. 115 (b) iZTfk^^oiZ^ yyt^ 

•J v^^^37^-ic^ i)m^Bm^m±\z[yi>7. k^x^^r 

JS)^>1t-f :i->x^>5^>^'|Cck yTSPn^D BRM5 3 CD 
jt*^r'X^v5^>yL. t5 3 OiUmlfgORftt L<li 

[0 0 4 6] iE-CD^. 5Kl4 O 0**C<7)JF*-e7K^MI::c*: y 

p^A I A sMs 5fzif^my5t^k,mitL. ^mtmtL 
com. Mit^ii-fizm^i^tztmitmits 8f}<m^fi7< 

[00 4 7] UvX h R^^^Lfc^. ms (c) IZTTi 

[0048] -tCD^. 115 (d) lZ7ik-tJ:o\Z, 37;j-h 
U VXS$fflL^T7K;;<. h±$I5**:lC. 4. 3 jli m 

O O n m<Dl5$"ellSL. ^-(O^. T— — ;U?Sffi3 7 0 

"CTM o5j'Fflr--;u^fTd ctizcfc y . pffliimseo 

[004 9] S^IC. 7lzh>^ffil^T. UvX h/^^ 
PfflPgpe 1 A<ff^fiJt$tL. 115 (e) IZTfs-tV CSELt< 

g^(Dr--;u^<4^lz«c#LTS^bL. ^(DgliSSSa 

<b Ur A u/G e)b<l!iS$ttTL^^o 
[0 0 5 0] ^HJSJI^fillCfigSVCS E L^ZfcL^TI*. 



t^A<. p^mfilTliTD^^blcj:orJSit^;{)<ffi< Tjf 
[O 0 5 1 ] tSoT. tSSSCDVCS E LT'I*. JSSt**< 

[0 0 5 2] mi (DHJfifl^ffiTrlttB^LycVCS E L<7)S 
ll8l::^-r«£S5CDVCS E L<i:lcot>r. 

meizTfkr^is^tm^^fzo met^p,. stt 

f£(tA<a§ti-r'5)b<. mi CDHJgJf^SlC-I^^VCS E LT' 
iS*(7)VCS E Licit -<TS*M^- KcDU—»fig 

[0 0 5 3] :^mmmmx{t. ^m^^s^mm^^o 

fCTSB n M D B R g * X ^> ^ > ^ L fcli^ L 
±ffl5A log Gao.5 A sT^-^—- 9— B*T*"CX'y5^ 

[0 0 5 4] ^llJtefl^^tfl*. T^^miZA I Ga 

A s ^ffilNy--0iJ^iftB^L/cA^ GaAs4,L<liInG 
a A s ^mi^fzj5.^>^m. I n G a P t L < (* A I G a 

I n P^^L^yr^^feffl(DVCS E L(Ctaifflr*#'So M 
fCtt, GaN^-^ZnSe|g*<DWfetL<liSI^1^jSffl 
(7)VCSEL. I n G a A s P^^O 1 . 3—1. 5 jU 
m^^CDVCS E L^zt^^Jffl-e^'&C<i:lit*>5^r'fe 

It. pMa^ai^^ hS±l=TP-f<blcJ:yK)»l Onm 

COT i i:^Il2 O O n mOJA u MMfi^h>Ui>^MW.^*^ 

p^||J««l<!:Lr^Kfie$^^-c^^S. «B«;$7H;^h 
> ^ ft-*. iii^iiftSfit^b * -i+msSJ^^^Sit ^ <t o T L^ -i. c 

[O 0 5 5] S1 roHSfiJ^JEtElfillCLT. nSGaA 
sStS51±lC. nMG a A s/<-y7T)15 2, TSPn 
iS1^S^i^54. J:g|;pMDBR@5 

e^iK^SB-rs, jteBSfii6oi:<©3>ai^7 hit^afe 

Sr-SfctolC. hBt LTpSGa A sJB7 2 



6 



[0 0 5 6] ^X\Z. ifbtlf-SSttSTK;?. hMlCX-y^ 

[0 0 5 7] ^tL^r. h U VXfS^ffll^TTKX h± 

llSa^m^r . Tl^lOnm. Au$200n m<D 

Jl^T'^^L. p{Iijm«i6 O^J^fiJc-r-So ^CD^. 
[zT--;U;gJt3 7 0°CT* 1 O^i^FsKDT'-— VU^froT 

t cfc i^o p fflisffi 6 o <oT(D±&n^mm^mmo>s,mm 

[0 0 5 8] g^ic, T-th>^^L^r. uv;^ h/^^ 

fc^gBnase 1 /)<}J^idc$tl. Iil7(C:^-rVCS E L7b<^ 

T / 5^ -V S cfe y t ^ ^ CD -c & * o 

[0 0 5 9] h>^n"*»ii^T* 

[0 0 6 0] m^Rum2(ommmBx{t. mss^^r 

3. 5 //mlZ|S^3F*Li)*5ltTMi3fe<. 3-2 0 

[006 1 ] mi 2 (DHjsj^^T'ii. ±asmfiiT 

(c. fin*). S*1t^-K<Dli^}b<S/Jx^3{f^J:aicS#? 

[006 2] mi Rism 2 cdhjssj^^tm*. t i (omm 

^lOnm. A u 0)^11^2 O O nmi: LfcA<. T i <D 
KJllil 0 nmfZiS^$tl^*^ltTMi?ti:< > 2-100 
nmCDFalT'fettficfc<. A u (^>IK» t 1 O O - 1 

0 0 0 nmOr0l"CfcttlSekl^o 

[0 0 6 3] m^ Rifm2(Dmmmmx*\t. rvi^itit 
3 7 o^^ci o^^c7)lfe^+T*^To/i;^)^ r-— ;u;^gi*2 5 

0°C~500*'C. M*L<li3 00°C-4 OCCCDffiffl 

Wim^*i^t>ifx\tU< . 0-3 o^cDWCT-— ;ua 

[0 0 6 4] m^Rismzcommmmvit. mmitEs 



[00 6 5] mi 3^i;m2(D^jffiff^®TMi. ms«*4«*: 

LTT i tAumi^tzt<. CCDffi2lC. P t . G e. Z 
n. Ni, In.W. Cr. Pd. Mo. Ag. Al. 

Te. s i ^mi^^ztt<-^mx^^j. mmzE.m\ci± 
(D^m^mi^xmm^mf&Lxij^iK 
[0 0 6 6] m^JSiUm2(ommmmx{t. TSissa^ 

[0 0 6 7] Si. mi <0ll!6ff^^<i:L-C. ^--^uiSg 

3 7 ccxTu^it^tifzAummtmiRmitmycs 
ELim^'^t>'^fzm^. m2<DmmmmtLx. au 

ELm&\t^<Dm^'^t>it^mi^xt. mm<oidim^'i^ 

[O O 6 8] 

X^i>o 



[01] m5K»^T/N^-^A'g-s^fe#T?. am'O 

[02] A a A sl!l®lCfclti»r-— ;HCJ;-5>S 

[0 3] Au/u-Ga A s^®<b: A u/T i - G 

[04] A u/T i /u -G a A s^®(DICfclt^r — 
-;Kc cfc -5 e fe3t O Jglt?i SlE^b $ ^ -e fc ^ o 

[|g]5] (a) - (e) I*. :$:S§B^(7>mi CDHJEfl^^lC 
^.^VCS E LCDlSiSXff $IIII(Z^-riT®0T'fc€)o 

[06] *^0J<7)mi CDHiSJf^Sf^-S^VCSELfcJ: 

[07] :*:^B^<7)m2CD||JSff^g|IZ-^^VCS E LCOI^ 



7 





T 






6 1 






(a) - (d) it. fi£*<7)VCS E LtDCfltttO 


7 1 








7 2 


pMGaAsaV^-i? hS 




17 1 


■ J ' 1 "J rr^ TTgiT 


5 1 


n^G a A 


17 2 


TWD B RS 


5 2 


nMG a A s/^*>'7rH 


17 3 




5 2 


TSPn^DBRliS 3 


17 4 


±ffl5D B Rg 


5 4 




17 5 




5 5 


pMA 1 A sS 


17 6 


IX 1 ^ J 


5 6 


±a5p^DBRH 


17 7. 


1 7 8 mfil 


5 7 




1 7 9 




5 8 




1 8 1 




R 




1 8 2 




s 




1 8 3 


y:t h UvX ha 


5 6 


s i Njgi 


18 4 




5 7 




18 5 





[B11] [1112] 



Rnstai : 0. 79 1.1 




O Au/Tl/GaAaffg 




iSLA (nnO 



8 



0.9 



0.8 



+^ 

0.7 

m OS 



« 7P-f«L 
X 3 7 0"C 



900 920 940 960 S80 1 000 1 020 1040 

iSft <nffl> 



[He] 



5 - 



(mW) 




(a) 



(b) 



^56 
55 
54 



58 

57-^ 



53 
51 



z: 



56 



-54 



r53 

^52 
51 



(c) 



(d) 




( e ) 61 








60 



56 
S3 

5fl-54 



^ /-53 



17] 



[gls] 





9 



[@9l 



(a) 



A 



-181 



(b) 



.183 




(C) 



184 




(d) rz 




F^i— A(##) 5F073 AA74 AB17 CA02 CA04 CA05 
CA06 CA07 CA12 CA14 CA22 
DA05 DAI 4 DAI 6 DA27 EA23 
EA24 



10 



